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TECHNICAL MEMORANDUM X-64534 

INTERPOLAT1ON OF BODE'S TABLES OF THE 
SOLAR CONY INUOUS ABSORPTION COEFFICIENT 

SUMMARY 

Knowledge of the total continuous absorption coefficient for a wide 
range of wavelengths is vital to many areas of solar physics, such a s  the 
construction of model atmospheres and line profile calculations. Recently, 
Gerhard Bode [ i] compiled a set  of tables for tAe continuous absorption 
coefficient for the sun covering a wide range of wavelengths, electron 
pressures,  and temperatures. To obtain the absorption coefficient as a 
function of electron pressure and temperature at an untabulated wavelength, 
one can employ standard interpolation formulas using the several wavelengths 
listed, which a re  between major absorption edges and span the desired wave- 
length. At a given wavelength the absorption coefficients a t  particular 
temperatures and pressures not given in the table can be obtained by a double 
linear interpolation scheme. This paper describes a computer subprogram 
which has been developed to calculate the solar continuous absorption 
coefficient for any given model atmosphere. 

INTRODUCTION 

The subprogram used to interpolate the Bode data employs a method 
of two-way differences. This method is described in detail by Scarborough 
[21.  

I t  is hoped that an example problem of the technique of two-way dif- 
ferences will clarify the procedure used to interpolate the Bode tables by 
computer. A flow chart (Appendix A) is also used to indicate the processes 
undertaken by the computer; the subroutine is listed in Appendix B. 



THE T E C H N I Q U E  OF DOUBLE INTERPOLATION 

The example problem uses a table of values of log (electron pressure/ 
absorption coefficient) at 5250.20 A vs  log (electron pressure) and 8 , 
where 8 is 5040/absolute temperature. 

I t  should be noted that there is no Bode table for 5250. 20 A; rather 
Table 1 was comgiled using a simple straight-line interpolation of a Bode 
table at  4500.00 A and one at 5698. 50 A, 

TABLE 1, VALUES OF LOG (Pe/K) 

Suppose that a value of log (Pe/K) is needed for particular values of 
8 and log (Pe)  not given in Table 1. The method of two-way differences 
would then be used a s  follows: 

Problem: Log ( Pe/K) needs to be calculated at a 8 value of i. 22 
and a log (Pe )  value of -2. 2 a t  5250, 20 A, 

Solution: Tables 2A and 2B show forward differences for constant 
log (Pe)  values, and Tables 3A and 3B show differences for  constant 8 
values (hence, two-way differences). A general formula for double inter- 
polation uses these differences in providing the desired value of log (Pe/K). 
Note that log (Pe/K) = 24. 412 a t  8 = 1. 25 and log (Pel = -2, 5 is used a s  a 
"starting point'' for  taking differences. The starting point is that value of 



log (Pe/K) in Table i for  which the corresponding values of log ( P e )  and 8 
a r e  closest to and above those which a r e  being interpolated, 

TABLE 2A, CONSTANT LOG (Pe)  VALUES; LOG ( ~ e )  = - 2 . 5  

TABLE 2B, CONSTANT LOG ( Pe) VALUES; LOG (Pel  = - 2 . 0  

K ( B ,  -2 .0)  A 

a. Koo is the starting point for taking differences; 

K( 8 ,  ~ o g  ~ e )  = Log ( pe/K) 

A2+0 
K 

A = Second-order difference. 

Also, 



TABLE 

Log Peo = -2.5 

Log Pel = -2.0 

Log Pe2 = -1.5 

3A. CONSTANT 8 VALUES; 8 = 1.25 

TABLE 3B. CONSTANT 8 VALUES; 8 = 1.20 

a. Koo i s  the starting point for taking differences; 

K (  8 ,  Log Pe) = Log ( Pe/K) 

A'+OK 
8 Pe 

= First-order difference, 

A ~ O K  

= Second-order difference. 

Also, 

The general formula for double interpolation using two-way differences 
is : 



where 

and 

 LO^ ( ~ e )  -Log  (Pel0 
v = Log ( Pel - Log ( Pe) 0 

From Table 1,  

Koo = 24.412 

Also, 



For u and v : 

Then, 

Before the computer takes differences from Table 1, it f i rs t  finds a 
suitable starting point. In the preceding example the computer would go to 
24. 412 to s tar t  taking differences. If a 8 value of 1. 12 and a log (Pel  value 
of -1. 1 were read into the computer, the calculations would begin at 24. 865 
a s  a starting point. The computer scans those values of 8 and log (Pel  in 
Table 1 until it finds the ones that a re  closest to but higher in the table than 
the 8 and log ( Pe) values read in. Then the log ( Pe/K) value corresponding 
to these values of 8 and log ( ~ e )  is used as a starting point for taking 
differences. In this way the best possible interpolated value of log ( Pe/K) 
is obtained. 

CONCLUS IONS 

Some restrictions on using the subroutine should be mentioned. In 
Table i ,  the values of 8 must increase by equal amounts (-0.05 in this 
case) ; similarly, the values of log (Pe)  must increase by equal steps. 

For the subroutine to function, it must be able to take first- and 
second-order differences from Table 1. As long as  the value of 8 in the 



interpolation is not equal to o r  smaller than I. 00 and the value of log (pe l  
is not equal to o r  greater than -0. 05, the calculations in the subroutine will 
be carried out. If this restriction is not observed, the table must be made 
larger ,  o r  the interpolation subroutine must be made to take only f irst-  
order differences. 



APPENDIX A 

COMPUTER FLOW CHFaRT 

READXKAPP(l,K) - - - - - - - - -  Actually, the values 
of log (PeIK) are 
read into the main 

COMPILE VALUES OF program; then, a 

THETA AND LOG (PE) COMMON statement 

FOR TABLE i s  used. 

I = 1 
1 = 1 + 1  

Ig0 XTHET = THET (1) 
YTHET = THETA 

DIFFERENCES 

EQUATION 



GFOR9 I S  OPAC 
S U B R O U T I N E  O P A C ( X ~ T H E T A ~ P E ~ W V I A K C G )  
D I W E N S I O N  X K A P P t 9  9 7 )  9 X L O G r 7 T  9 T H F T I 9 1  
COMMON X K A P P  
l l r t l  ill=le33 

X L O G t l l = - 3 . 0  
1 2 0  DO 1 3 0  K = 2 9 7  
730 x ~ u b  I r 1 = x i o b i  F.-1 I +. 2 

CObIT I NUE 
160 X T H E T = O r O  
170 Y T H E T = O * O  
1 0 0  I = l  
1 9 0  I=I+l 

Y T H E T = T H E T P  
2 2 0  I F  f a 0 5 - I X T H E T - Y T H E T f l  1 9 0 t 2 3 V t B  
2 3 0  U=OeO 
240 U= ( X T H E T - Y T X E T )  / a  05 
2 5 0  K = l  

AKCG=O.O 
A K C G = f X P ( Y  1 - -  - 

r lETURI\ I  
EYD -- -- -- - - - 
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